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Abstract 
This study explores the perceptions of pre-service elementary mathematics teachers’ content and pedagogical 
knowledge through portfolio assessments. In the spring semester of 2010, 28 students at the newly founded 
university on the Eastern part of Turkey participated in this study. The participants were asked to prepare portfolio 
as part of course requirement reflecting on their knowledge development in the past three years. The analysis 
includes how pre-service teachers grow their content and pedagogical knowledge by the end of their third year. Most 
of the pre-service teachers in this study believed that they had adequate content and pedagogical knowledge to teach 
using the philosophy of new school mathematics program.
© 2011 Published by Elsevier Ltd.
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1. Introduction 
     A better preparation of teachers of mathematics has been a big concern among the teacher educators and policy 
makers in all over the world. The countries appoint committees to study their teacher preparation programs. For 
instance, in 1998, the National Research Council (NRC) in the United States, appointed in to study teacher 
preparation programs, wrote a report to identify the critical issues and policies for K-12 teacher preparation and 
made several recommendations about the characteristics of a better teacher education program (Sowder, 2007). A 
similar committee, Turkish National Committee of Teacher Education (TNCTE), was formed in 1997 in Turkey, to 
improve the quality of teacher education by collaborating with education faculties and public schools, and 
establishing national criteria, assessing the quality of teacher education programs (YOK, 2011).  
     The research on teacher education and the reports of TNCTE led the policy makers to believe that the teacher 
education programs in Turkey were not providing qualified teachers for teaching in K-12 settings. In addition, the 
eight year compulsory schooling and elementary school curricula reforms of 2005, revealed the need for more 
qualified teachers. Naturally, the teacher education programs of universities, providing the primary sources of 
schools, have responded this need through revisions in their teacher education programs. The new revisions 
provided teacher candidates to spend more time in the field and take more elective courses (YOK, 2007). In 
addition, while some courses were removed from the program, new courses such as measurement and evaluation 
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were placed in the program. This course is particularly important to train teachers so that they can apply the modern 
assessment approaches such as portfolio preparation and performance papers in their professional life.  
     Although the changes provide great opportunities for teacher candidates, no reform can succeed if all the 
stakeholders give it a try to understand the changes and do their own share of work. In terms of teacher education 
programs, the universities have to prepare pre-service teachers who can function in the new education system with 
no or minimum problems when they graduate. Studies show that teachers' perceptions of their own professional 
identity affect their efficacy and professional development as well as their ability and willingness to cope with 
educational change and to implement innovations in their own teaching practice (Ball, Lubienski ,and Mewborn, 
2001; Beijaard, Verloop, and Vermunt, 2000). 
     The purpose of this research is to identify preservice elementary mathematics teachers’ perceptions of their 
growth in teacher education program, more specifically, to identify what content and pedagogical knowledge they 
believe they gained by the end of the third year.      
2. Methods 
In this study, the data were collected through qualitative methods. Students’ portfolios were analyzed using the 
document analysis. In educational studies, student assessments can be used as a resource for data collection 
(Yildirim and Simsek, 2006).  
     A total of 28 preservice elementary mathematics teachers in the third year of their program participated in the 
study.  Eighteen of the students were female, and 10 of them were male. Two of the female students were in their 
second year and the rest of the students were in their third year of the teacher education program. The participants 
were selected using purposeful sampling in newly founded university on the Eastern part of Turkey. 
     The data were collected in the spring semester of 2009-2010 school-years.  The participants were asked to 
prepare portfolio as part of a course requirement reflecting on their knowledge development in the past three years. 
By the time the data were collected, the teacher candidates had completed most of the courses related to 
mathematics and mathematics teaching and about half of the pedagogy courses. Few of the students had also 
completed the Field Experience and taking Teaching Experience courses at the time of data collection. The data 
were collected through portfolio assessments in Measurement and Evaluation course. Portfolios included a resume; 
a reflection paper showing how students improved in three areas: content knowledge, pedagogical and pedagogical 
content knowledge, and general culture; and four  sample paper work showing their improvement with their 
reflections to each of those works. 
     Data analysis includes only the analysis of reflection papers showing their academic growth. The portfolios were 
analyzed through following the three main ‘analytic processes’ of qualitative studies: classification, linking, and 
connecting (Kus, 2006). Pre-service teachers’ reflections were first put into categories based on the similarities and 
differences. Second, data pieces under categories and sub categories were linked. And finally, the connections were 
made between the categories and concepts based on the research questions.  
3. Results 
3.1 Change in the definitions of mathematics  
     The results show that about 50 percent of pre-service teachers discussed how their definition of mathematics 
evolved over the three years in the program. Those definitions varied from “mathematics being the basis for all 
sciences” and “a universal language to give meaning to nature” to “mathematics is not just solving problems, it is 
also about to understand concepts and meaning making”. The following two excerpts show these variations. The 
participant #3, a female teacher candidate wrote:   
We have seen that mathematics is not just used in the classes, but in every phase of our lives, it is the basis 
for all sciences, there cannot be a science without mathematics, from physics to biotechnology, from people 
stepping on the moon and from an eye drop to the line of sunflower seeds, none of these events can be 
without mathematics.  
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     The participant #2, a female teacher candidate reported “In these three years, I have learned that mathematics is 
not just about operations and, in fact, every operational knowledge has conceptual meaning.”  
3.2. Change in the knowledge types 
     Around 60 % of the participants stated that their mathematical knowledge was operational and did not have the 
conceptual knowledge supporting the operational knowledge. They reported that the teacher education program 
helped them to understand the meanings of the concepts they learned by memorizing before. Participant #10, a male 
teacher candidate explained “I have realized that I had memorized most of what I learned without questioning. In 
this course, I have realized that I did not know conceptually many of the mathematical topics.” 
Another participant, #9, a female participant explained how she recognized her previous math knowledge was all 
formed through memorization:  
In college, I have realized that I have learned most of mathematical topics through memorization. In fact, I 
realized the necessity of conceptual learning more than procedural learning. For example; when asked the 
definition of functions, I floundered to respond, but I was able to solve the problems.  
     Although the majority of the students talked about gaining some conceptual knowledge during the program, there 
were a few instances where students criticized some of the courses as being taught through memorization. About 18 
% of the students criticized specific courses such as Geometry, Analysis and Linear Algebra for being either taught 
through memorization or having exactly the same content with the high school Geometry. Participant # 7, a female 
student, explained her frustration about the content of geometry courses as the following:  
…in Geometry course, it cannot be said that I improved in terms of mathematical knowledge. In fact, there 
were some circumstances where I did not like this course. Because of the fact that the course included only 
the Euclidean Geometry instead of the real course content, I have started to develop unwillingness towards 
this course. Because I had seen Euclidean Geometry though out my high school, and I would liked to learn 
different geometries.  
     Participant #28, another female student, reported how she memorized the whole book in order to pass Linear 
Algebra: 
I believe that Linear Algebra was the hardest course I took my entire life. Since it was highly abstract, I 
was having hard time to understand it. I had almost memorized the whole book I bought for the course. I 
don’t think this course has any contribution to my education life. In fact, I forgot the information I 
memorized to pass the course. 
3.3 Change in the knowledge and abilities related to teaching profession 
     Seventy-five percent of the preservice mathematics teachers reported that they gained the pedagogical abilities 
and knowledge needed to be a teacher through pedagogy and methods courses. Although the rest of the students did 
not have a general statement such as “I have learned the knowledge or abilities needed for teaching”, they did talk 
about either some specific teaching method, or the ability to use the math manipulatives in teaching mathematics. A 
few of students reported that the first year pedagogy courses were theoretical in nature than the second year courses 
such as Teaching Technologies and Material  Development, Measurement and Evaluation, and Special Teaching 
Methods (Math teaching methods). An example to general statement and specific examples of abilities about the 
pedagogical qualifications, participant # 4, and a male student reported: 
Throughout my college life, I feel I improved my self most in terms of teaching knowledge. At first, I did 
not know anything about the teaching profession. I have realized that the profession is not just about 
teaching lessons. Through the quality education courses I took, I have learned how to use the time; how to 
make lessons more fun; the tips about developing and using material; how the dialogue should be between 
the teacher and students; which points should be emphasized more during the lesson. 
3.4. Knowledge about the ‘new’ elementary mathematics program 
     About 40 % of the participants felt that they were knowledgeable about the use of constructivist learning 
approaches, the principal learning theory underlying the ‘new’ elementary mathematics program. The participant # 
8, a female student reported: 
Ayfer Budak and I˙brahim Budak / Procedia Social and Behavioral Sciences 15 (2011) 1376–1380 1379
When I first came to school, I had no idea about the constructivist approaches, now I have learned to use it 
with its applications. In addition I believe that I was trained suitable to the constructivist approaches and I 
have the necessary abilities for teaching. 
Another female student, participant #26 reported her awareness about the changes to the elementary mathematics 
program: 
I had trained according to behaviourist approaches. I had faced many innovations that took place in 
constructivist education system….In addition I had the opportunity to be familiar with the new topics added 
to the curriculum with the new system. For example: translational symmetry, patterns, and tessellations. 
     Only one, female, participant #5 reported “…I don’t believe that I will exactly use the new program … in my 
professional life. The factors such as time, money, and the number of students will not permit this. Therefore, I plan 
to use some classic [behaviourist] some constructivist approaches” 
     Although only 40 % of the participants discussed their abilities and knowledge about the new program, majority 
of the students had actually discussed at least one or more aspects of the new program. The most common aspects 
seen in the portfolios were the use of instructional materials (mainly manipulatives and technology), and project-
based teaching.  A great majority of the participants (75 %) reported that they learned how to develop instructional 
materials and use math manipulative in Teaching Technologies and Material Development, and Special Teaching 
Methods (Math teaching methods) courses. For example, participant #26, a female student reported “I have learned 
how and where to use the new materials such as colour tiles, tangrams, base-ten blocks, and fraction rods.” 
About 20 % of the participants reported that they learned how to design mathematics projects. A female student, 
participant # 11 reported “Through Special Teaching Methods II course, we have learned the steps to do projects by 
doing our own projects, the best learning method.” 
4. Findings and Discussion 
Most of the pre-service teachers in this study believed that they had adequate content and pedagogical knowledge to 
teach using the philosophy of new school mathematics program. We found that preservice teachers’ perceptions of 
‘what mathematics is’ have changed during the program. When taking into account that they had a very narrow 
knowledge of what mathematics is before college, this is an important finding. We also found that pre-service 
teachers reported that they gained the conceptual understanding of previously learned or “memorized” concepts, and 
procedures in the program, self-confidence to teach mathematics, ability to use and develop instructional materials 
and project based teaching.   
In short, the findings show that prospective teachers believe that they have received the knowledge, abilities, and 
motivation needed to teach mathematics in today’s classrooms. These are particularly significant findings because 
observers note the importance of teachers’ knowledge of mathematics in interpreting reform ideas, managing the 
challenges of change, using new curriculum materials, enacting new practices, and teaching new content (Ball et al., 
2001, p.437). Although the teachers feel very confident about teaching mathematics, without examining their actual 
practice, we never know how much gap there is between their knowledge and practice. Further research may focus 
on observing the same preservice teachers in practicing during the field experience course and thus help to see how 
much gap there is between what they believe and their actual practice. 
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